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Introduction

In the design of alroraft for the loads due to gusts
encountered in flight, it 1s essumad that the gust is
normal to the flight path of the alrplane. The statistical
data, reference 1, on which the deslgn of alrcraft for gust
loads is based has been obtained for level flight and the
gusts consldered are vertical. When the light path is
vertical, as 1t 1s in some cases, the criticsl gust is
horlizontal and the questlion arlses as to the relatlive
magnitude and frequency of the vertical and horlzontal
gusts in the atmosphere.

General conslderations indicate that a satisfactory
procedure for the design of diving alrplanes would be to
assume the horlzontal gusts to have the same magnitude and
frequency dlstribution as the vertlcal gusts. This assump-
tion ylelds satisfactory results at present but experimental
verificatlon of it would be desirable.

The purpose of the present Investigation was to obtain
data on the vertical esnd horizontal gusts in the atmosphere
by revworking accelerometers and elrspeed records from past
Investigations of vertical gusts. As the data was to be
used for purposes of comparlson, only about one fourth of
tha avallable records were to be uszsed 1n order to reduce the
amount of work involved.

The records which form the basls of thls investigation
were obtalned from fifteen flights of the XRBi~1l airplane
durlng gust surveys of cloud formations up to altitudes of
15,000 feet and from fifteen flights of the Aeronca,

C=-2N alrplane, in clear air at altitudes less than 3,500
feet. All records were obtained in the vicinity of
Langley Field, Ve., during the period from January 1937
to August 1939.




Apparatus

The alrplanes, used to obtaln the records, were ths
¥Martin XBE¥-1 and the Aeronca, C-2N. Teble I and reference
2 glve the pertinent informetion on the twn ailrplanes.

The Instruments used in the alrplanes were:

NACA alirdamped aczelerometer
NACA airspeed recordser-
NACA synchronizling timer

The airspeed recorder and tccelerometer were edqulippged with
magazine type fllm drums with ti capaclty of 20 feet of
film. A film speed of 1/ Ingh per second permitted 30
minutes of record on the XE!'-1, while a film speed of 3/0
inch per second gzave 10 minuates of avallable record on the
Aeronce, 0-2VM.

The method of evaluatiag the airspeed and accelerometer
records to obtein the intensity of vertlecel gusts, ﬂtrup’

has been developed In the rast few yeers from the theory
glven in reference 1. The method sconsists of caliorating

the reactions of an ulrplenz to & gust of known shage and
intensity by tests of a dynamlcally sceled mndel in the

gust tunnel. A callbration fector is thms obteined which

1s dependent only on the gust slze as dzfired by the gradient
distance, Al{reference 1), and vhich whsn divided into the
measured acceleration increment gives the acceleration
increment whlch would be computed i1t the true gust velocity,
Utrues Rad been used in the well krown sharp edged ,ust

formila,

Tn practice, the gust tunnel tests are made for three
gust shapres (reference 2), for gusts which have a lrteral
extent, greater than the snan of the airplane model, and
For conditions where the alrprlsne travels from smonth air
into a single gust. Thls mz2ans that the evaluation of
flight records mast be made for these corditlonsz or the
"calibration" will not give the correct value of Ty, ..

At present, Aue to limitati-ns of the reccrds, it is
necegsary to assume thst the atrospheric gust covers the
entire span of the airrlene while the second condition
required above 1s satisfled by evaluating those jJusts

which the accelerometer rezord 1nﬁicates hdvz been preceded
by smooth alr.



The method of evaluating the records to obtaln the
horizontal gust velocity, AV, was simply to measure sudden
-changes 1n-the recorded-alrspeed.,- (A sudden change was
considered as one which took place in less than one second.)
Thlis procedure 1s based on the assumptions that the ground
speed of an alrplane wlll not change appreclably in a short
veriod of time 1f the speed of the surroundling alr changes
and that the gust to be measured has no vertical component.
A simple calculation Indicated that the effect of the first
assumption would be to reduce the indicated gust veloclty
about 7 percent. The second assumption was utilizéd as a
restriction on the data In that only these portlons of the
alrspeed records were used which were lndicated by the
corresponding section of the accelerometer record to be
affected by =mall vertical gust components.-

Results

The records from fifteen flights for each alrplane
were eveluated to obtain the vertlical and horizontsl gust
velocities by the methods gpreviously described. The
number of vertical gusts evaluated was 2388 for the XB:-1
and 956 for the Aeronca C-2N. The horizontal gusts,
evaluated from the same set of records, amounted to 117L
for the XB¥-1 and 1129 for the Aeronca £-2N. These data
were used to make the frequency curves, given In figures 1
to b, of CUipue 8nd AV for each sirplane.

Tn order to obtein a more convenlent comparison of
Ugrie &8nd AV, the data In figures 1 to l. were used to male

cross plots of U against AV at equal frequencies for
true

the zwo alrplanes. These results are shown 1n figures 5
and 6.

Precision

The preclsion of measurement of Ut e and AV is
estirated to be within *2 feet per secogg, 1f the precision
of instruments and the method of evaluation are considered.
Such an error 13 random and lts effect on the shape of the
frequency curves wlll be negligible for the r»rurpoge of thils
report,

One serror, which ¥ll1l be of greaﬁ importance relstive
to the share of the freguency curves and the concluslons
drawn, 1s that due to variations In the lateral extent of
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the gusts., 1In the case of vertical gusts, the method of
evaluation agsumes that the entire span of the alrplaiie is

- covered and, since gusts mdy be smaller than the span of the
-alrplane, the values of Ut computed wlll be eithier correct
" or too low, but never too ﬁ?gh. This error will tend to
‘shift the frequency curves towards zero gust veloclty for
Utpue+ The data for AV are not affected by thls type of

error since no assumptlion .3 wede as to the lateral extent
.of the gusts. This meens, therefore, that the frequency
curve for AV willl tend to he obtained in its true form arnd
the comperison of Ugp,e and AV will indicate that AV Is
larger then Ugppe-

Another factor, which will Influence the results, 1is
the amount of data obtalne¢ to form each fregquency curve.
The sffect of havling more data for Ut e then AV will be to
emphaslize the discrepancy yreviously aYscussed, while it is
probable that, 1f the relative amounts of data are reversed,
it will tend to cencel this error. If thls is sv, the data
for .the Aeronca alrplane st.ould tend to show equality
between Ugp,e 8nd AV as cowparad to the data for the X&'-1
airplane.-

., ‘There saspoears to be no rracticel way of determining
‘these errors for the presert data, so that it will be
necessary to deal with trends with these polnts in mind
in order to use.the data.

Discussion

The data from the tests on the Aeronca £-2.", figure 6,
where the .horlzontal outnumbered the vertical fust gives
almost & L5 degree line for Ut e egainst AV which 13 dis-
placed about one foot per secohd along the ebscissa AV,

For the tests or the XR"-1l alrvlane, flzure 6, the verticsl
gusts outnumber the horlzo: tal gusts abeout 2 to 1, and at
low sust velonzitles AV 1s cbout 2 feet cer second zreater
than Tipye whlle the two tend to become equel for high
gust veloclties. As polnted out under preclision, the
~errors In the data will tend te produce thils result. It
eppears reasonable, therefore, to say that Wi, and AV

. are of equal intensity and that the indications of the
"data have been modlfied by the limitations of the experl-
mental data.
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The dlscrepancy in the amounts of data for the
varlables considered is quite interesting and worth further
conslderatlon. The method of evaluating the rscords wes
identical for both alrrlanes so that the trends in the
semounts of data obtained should be due to the flight
conditions for the most part. 1In the case of tests wlth
the Y3M-1, the turbulence measured was due, primarily, to
thermal currents end it mlght be expected that more vertical
then horlzontal gusts would be encountered. The Aeronce C-2N
eirplaene was flown at low altitude in "wind" turbulence and
hence 1t might be expected that the Influence of the earth
would tend to restrict the vertical motlion of air so that
the number of horlzontal gusts would be larger. The data
enllected In the present 1nvestigatli-n tend to bear out
this reesoning and would tend to indicate thet atmosvpheric
turbulence ies seldom Jsotreple. - o

Joncluding Remarks

The results of this irvestigation Indicate that the
vertical and horizontal gusts are of about ejual Intenslty
In the atmosphere.

The data slso Indicates that, under thermsl condltions,
more vertical then horlzontal gusts would be expected, while
under conditlons of wird turbulence, the relation 1s reversed.

The investigation also emphaslizes the necesslty of
obtaining more information on the size of pusts with par-
ticular reference to the lsteral extent of the gusts relative
to the span of an airplane.

Langley Field, Virginia,
July 15, 19Lo.
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Table I

Alrplane Characteristics

Al rplane XBM-1 Aeronca
Welght, 1bs. 5200 782
wing Area, sq. ft. Li2 bl
Wing Loeding, lbs./sq.ft. 12.6 5.0
Span, ft. L1 36
Mean Asrodynamic Chord, ft. 5.05 in
Slope of Lift Curve, Lh.5 Lh.7

per radian

N.A.C.A.
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